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S"rP«S"""ub"L":"I»o;i„ g »t«i.l »d . Mood 1UU , containing th. 

material 



filter using this material. ™e mat er lal i P po i yam ine compound is at least 

having the maximum pore diamete r of 0 ^ S0 ^ m Qf (a) P a J olyamine com pound which has 

amines, [t» a poiya r sud 3 R sup . 4 and R . sup . 5 represent hydrogen, aliphatic 

inside the housing. 

ghelresenrinvent ion related to a material which can selectively remove pathogenic 
Stances containing leukocytes, platelets and virus from a protein containing 

solution . 

ITZlJZm lit ZTZ^^.U i, » ,cc.p 5f cr£,io. 

Disease (GVHD) is posing , prob lem . ^ J.his *i # ^ ^dge ^ histocompaci bilit y 

potential which are present m the transruseu uj.uu , . ^ or . rhis rea son as well, 

transfusion °by a blood SlSr or to destroy the division potential of lymphocytes by 



radiation . 



virus or 



and handle . 
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Zierdt S and a othIrf rlpo!rted that they found particles such as bacteria erythrocytes, 
leukocytes, platelets and polystyrene beads could still be captured when a fluid 
containing the particles were filtered through a membrane having a larger pore size 
than the particle size (Applied and Environmental Microbiology, 1979 12, 1166-1172). 
They concluded that the capture was attributable to a electrostatic interaction since 
particles were not captured by the membrane treated with anion surfactant and 
indicated that it would be possible to adhere and capture leukocytes and platelets 
through electrostatic interaction by means of surface electric charge. 

^ "rd^th ere'is a description in U.S. Pat. Nos . 3,242,073 and 3.352 424 on the 
removal of platelets having negative surface charge from a fluid by using a filter 
material which is prepared by electrostatically binding cationic organic 
oolv-electrolytes to anionic filter. In Unexamined Published Japanese Patent _ 
ADDlication No. 3-207413, a filter material which possesses quaternary ammonium groups 
on the surface and positive zeta potential at pH 7 is described. However, when the 
blood is filtered through such cationic filter, the concentration of the factors 
released from platelets goes up and thus deteriorates the quality of blood preparations 
after filtration despite the improved capture rate of leukocytes and platelets. 

Brief Sum mary Text (12) : „ , .u,.. t i,.,, 

On the other hand, isoelectric point (pi) of many virus particles is 3-6, and thus they 
have negative charge in the neutral range, adhesion of virus is possible through 
electrostatic interaction from the water containing less impurities. As the material 
for removinq virus, there are porous membrane and material having polycationic 
structure on thi^rface such as polyvinyl pyridinium described in Unexamined Published 
Japanese Patent Application No. 3-123630. However, it was difficult to selectively 
remove virus with conventional cationic filter since non-specific adsorption of protein 
to the colonic surface occurs in a solution with high protein concentration such as 
plasma and blood. 

Brief Summary Text (13) : 

As a filte r to remove virus from body fluid and protein containing solution, 
regenerated cellulose membrane described in Unexamined Published Japanese Patent 
AoDlica-ion No 2-167232. As the pore size of this membrane is smaller than that ot 
virus particle.' virus cannot pass through the membrane. However, the transmission speed 
Ii~T5w due to the small pore size, and clogging of the membrane often occurs. 

Brief Summar y Text (14) : 

As a material to separate virus from blood and plasma by making use of biological 
affinity, International Patent Publication No. WO 89/01813 describes a material m 
which the receptor of the virus existing on the cellular surface is fixed to its 
surface. However, the process of purifying receptor from cell and that of binding the 
receptor to the base are complicated in this method. Furthermore, the use of 
biologically derived component creates problems of cost, functional stability and time 
course change . 

Brief Sum mary Text (15): + „ t-u 0 

Though the membran e technology used for separation is a technology widely used in the 
industry through researches on ultrafiltration membrane, reverse osmosis membrane, 
exchange mem brane, gas separation membrane and osmotic gasified membrane However, 
of them a re based on the separation through the difference in concentration pressure 
and potential making use of membrane pore, and there are few separation membranes 
designed by positively introducing selective recognition mechanism into the membrane 
surface. 

Brief Summary Text (17): . 
ThT^senT^iH^iHFion aims at providing a material which can selectively remove 
pathogenic substances containing leukocytes, platelets and virus from a protein 
containing solution, and which may constitutes a membrane with excellent processing 
speed and easy to handle when used as a porous membrane and the like. 

Brief Summar y Text (24) : . . 

The pathogenic substance selectively removing material of the present invention is 
preferably provided in the form of porous membrane and its maximum pore size is 
preferably 0.1-50 . mu . m . 

Brief Summary Text (25) : 



ion 
most 
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' It is easy to handle the pathogeic substance selectively removing material of the 
; e n invention since polyamine compound is immobilized in the surface of the 
material," anS when this material "is provided in the form of a porous membrane, an 
excellent membrane which allows simple and speedy processing will be obtained. 

?he e oathegeIc subs tance ' selectively removing material of the present invention is 
preferably used for removing_virusl leukocytes and platelets contained in.prot.in 
preteramy u ^ as body fluid including blood and plasma. In addition, it is 

C ? Ik r r for cell recognition, separation, and concentration and the 

construction of culturrsyitems. Furthermore, since it is able to recognize and remove 

"in an environment in which protein or the like exist, i.e. P 1 ^'^ "" b J he 
^TT^-^lv used in the prevention of virus contamination and virus infection m the 
food indSry fermen^tfon industry, pT^aceutical industry and medical institutions. 

if§i tho^nIc Te sub st 2 ance selectively removing material used for the blood filter of the 
present invention is preferably in the form of porous membrane, and more preferably 
having the maximum pore size of 5-5 0 .mu.m. 

;ol:lmtne D comp^nd°is T rc ompound which every living body possesses whether it is a 
luclrv - or procaryotic cell. The compound is known to act on various biological 

polymers 'Including cell membrane and nucleic acid which have abundant negative charge 
to influence their funct ions (re fer to "Kagaku to Seibutsu" or Chemistry and Biology, 
vol 28 So 3, 162-171, 1991 by Akira Shirahata; The Physiology of Polyamines, ed . by 
U BachtaS'and Y . M. Helmet, CRC Press, Boca Raron, 1989; The Biochemical Journal, 
vol. 260, pages 1-10, 1989, F. Schuber) . 

On r the e oth:rh^d i0 thrpo l^Lient cationic compound such as polyvinyl pyridinium that 
has Quaternary al /stature in the molecule and the compound having hydrophobic 
rSiXX demonstrate *~^<^^ J^ it ^ ^ ^ Ids m 

SrefistLcrorprot^n asVe^n Mo^nf "guid culture m e r . Many cells have 

^a-rnai 2LS£ T^^^^S ^^^K 

cells and to cell selectivity becomes large. While the polyamine compounds used for the 
material of the present invention possesses basicity and molecular structure which act 

„ e and virus, its low degree of interaction with the -existing protein 
makes it possible thaTThi material selectively capture cells and^irus. 

ECen'a^ iSr^rur^ound In' a vertebrate has several proteins and polypeptides but 
very comcl icatio-vi rus , e.g. pox virus, has over 100 kinds of these substances A 
. sample virus which-^Sit no? have In^velope is encased in a protein shell called 
caosid ^rTThe virus which has an envelope, a glycoprotein called peplomer which 
nroiects fro! EHi^velope exists on the surface of virus particle. For this reason, 

and high molecular weight polycation which possesses hydrophobic part. 

^gl^^o^. /^iy.thyl.n.imin. is an optimal material for liganc J since it 
is a water soluble polymer which has many amines in its molecule and is low price . 
ne interaction with protein is comparatively weak in polyethyleneimine itself, 

to the surface of the base. 
. ?i^Mofe^ -moving material of the present invention is a • 
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' material which can remove pathogenic substances such as virus, leukocytes and platelets 
fr mTprotein contain, s -utio. Some o. the ^ample^o^prot eincont ... ^ 

Tf ceirLd microorganism or a soStion containing protein component derived from these 
fLids The pathogenic substance selectively removing material of the present invention 
is a Material which can selectively adhere and remove pathogenic substances from a 
fluid particularly containing plasma and plasma protein. 

^mobllization ^t'rpolya mlne' compound to the base surface means that it is bound to 
Immobilization ot a po y che P surface of the base so that the polyamine compound 

does el .te from the surface. The binding of polyamine compound and reactive functional 
Souds shall preferably be done by covalent bond. The amount of polyamine compound 
groups shall prerery * measured by titration using perchloric acid. 

Xef he Pathogenic Stance selectively removing material is provided in the form of 

u membrane? the amount of polyamine compound immobilized to the surface of base 
Sateria T is pref erably 1 . times . 10 . sup . -4 eq/g or more, or more preferably 
4. times. 10. sup. -4 eq/g or more. 



1TKWIC 



it is 



or spacer to the surface of base material. 

^ughlt^rpo^siMe^o^ mmobilize polyamine compound by the above »£hod j t is 
oreflrable in the present invention to immobilize polyamine compound by a method 
comorfsinq a process to introduce surface graft radicals having reactive functional 
comprising a process mat erial and a process to immobilize the polyamine 

haloqen radicals, isocyanate radicals and epoxy radicals, etc. in its molecule. 
Examples delude (metha) acrylic halide such as (metha) acrylic chloride and 
(methaUcrylic bromide, (metha) acryloyloxyalkyl isocyanate such as 
2 ImethaUcryloyloxyethyl isocyanate, 3- (metha) acryloyloxypropyl isocyanate 
4-(metha)acryloyloxybutyl isocyanate, (metha) acryloyloxyisopropyl isocyanate, 
7- (metha) acrvloyloxy- 1 - ethylmethylethyl isocyanate, 

preferable . 
polymerization . 
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' in the form of porous membrane with the maximum pore size of 0.1-50 0 .mu.m, void 
volume of 20-951 wate r transm ission rate of 10 ml/min/ra . sup . 2 /mmHg or more, or 
unwoven cloth in which a large number of filaments with the average diameter of 100 
.mu.m or less are crossed. 

jg^ caSrS^Ss^S br'ni; if the maximum pore size is less than 0 . X mu » fluid 

Adsorbed Kco^rinsufficient ; If the void volume is less -uff.cx.nt 

strengJh^y ^f ^L^at^transmission raters less than 10 ml /.in,, .up . 2 

/mmHg? the transmission pressure tends to increase. To be more precise xt xs 
^reflrable that the maximum pore diameter of the , porou; M-S^gg-- ^ ■ £ ^pL^When 

?; aSm hathoaenic U subsSnce Elective J Moving material of the present invention is 
provided in the "rf of ^roGs membrane, the most preferable maximum pore dimeter is 
P 0 2 l 0 mu m void volume 40-90% and water transmission rate 100 ml /mxn/m - supj /mmHg 

» 'l values shown herein are those obtained when saxd polyamxne compound is 
° r ^ ~S on the base surf ace It is preferable to immobilize polyamine compound not 
only o' S oCter surfaced the membrane but also xnto the inner surface of pores. 

^^^^T^rilllt invention to selectively remove pathogenic substances 

if is "referable that the surface is improved with "« ibl « P^2% 0™... and the 
non-welling property against : wjt.r i.. = swe ing at * ^'~^ n ^ 

wUhoufcSging Snl^r .."SJamJle." "uch^olymer include polymers and copolymers 
having monSS^of alkoxyalkyl acrylate such as methoxyethyl acrylate as a ma.or 
component . 

~lliZ. on bv kneading inner packing and lamination with other material to be made 
!So heai?n con«" Products and pharmaceutical products for the purpose of prevention 

and diagnosis of virus infection or the like. 




against plural types of viruses with different properties. 
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is also preferably used in an environment with risk of virus infection through 
dispersion of and contact with blood and body fluid. Examples of such application 
include medical tools used in the medical institutions and first aid treatment in 
relation to, or daily commodities used by those infected with virus or likely to become 
infected, daily commodities used by healthy people for the purpose of preventing virus 
infection and back up use concurrently used with virus inactivation method making use 
of heat and drugs. Furthermore, it may also be. used in a product such as air filter 
which provides virus -free environment. 

Detailed Descript ion Text (36): 

The Mood filter of the p resent invention is described in more detail by referring to 
the drawinq. FIG. 1 shows the cross section of one embodiment of the blood filter ot 
the present invention. The blood filter shown in FIG. 1 comprises a housing 4 which has 
a blood inlet 2 and a blood outlet 3 and a filter material 5 provided between 
supporting members 6a and 6b inside the housing 4. The filter material 5 is PO«"°ned 
so as to intercept the passage from the blood inlet 2 to the blood outlet 3 in the 
housing 4, and the peripheral portion of the filter material 5 or/and the supporting 
members 6a and 6b are closely joined with the inner wall of the housing 4 so as to make 
aU the blood flowing into the' housing 4 pass through the filter material 5^ Porous 
membrane is used as the filter material 5, and the blood which flows from the blood 
Inlet 2 to the housing 4 passes through the filter material 5 and then the blood outlet 
3 to be discharged outside. 

^^^^^of'lliriaine compound which is preferably used as a polyamine 
compounrimmobilized^n the filter material surface of the blood filter o ^e present 
invention mainly has secondary or tertiary amino groups which are weak basic anion 
exchange groups in its molecule. For this reason, the electrostatic interaction with 
platelets becomes weak compared to that of polycationic compound having quaternary 
ammonia aroups which are strong basic anion exchange groups in its molecule. By 
concro'i'-q t:he molecular weight, it is possible to easily control the interaction with 
platelets in the case of a polymer of aziridine compound. Due to this property, it is 
possible to obtain a surface which can capture platelets without activating them. In 
the blood filter of the present invention, polyethyleneimine among aziridine compounds 
is particularly preferable since it is inexpensive and easily obtainable. Its average 
molecular weight is preferably 500-8,000 and more preferably 600-3,000 for the purpose 
of providing a balance between the activation and adsorption of platelets on the filter 
material surface. The molecular weight and charge density of the polymer of aziridine 
compound immobilized on the filter material surface have considerable influence on the 
adsorption and activation of platelets. For example, when polyethyleneimine having a 
large P molecular weight is immobilized on the surface, the charge as polycation becomes 
large, resulting in a tendency to activate platelets and damage cellular membrane On 
the other hand, when polyethyleneimine having a small molecular weight is immobilized, 
th! electric charge density becomes smaller and thus it is difficult to improve the 
platelet removal rate. 

c^Wit^referencrto IsTM -F316,' the maximum pore size of the membrane was obtained from 
the value measured by the bubble point method using isopropyl alcohol as a solvent^ The 
maximum pore size is the value which indicates the maximum pore diameter of the pores 
which uniformly exist over the membrane after its formation, and does not include 
larger "ores of pin holes and large holes having a larger diameter than the maximum 
pore diameter which are generated after membrane formation. 

r^ague^thtrwa's for' the assay of virus. To be more precise, the specimen was 

contacted with host cell or host bacterium, and the number of plaques generated by 
virus infection was obtained. The virus removal rate (virus capture rate) was 
circulated from the following formula (B) on the basis of this value. 

Detailed Description Text (47) : 

A. Manufacture of polypropylene porous membrane 

Detailed Des cription Text (48) : ,, ai „u,. 
Per 100 parts by weight o f the mixture of 2 types of polypropylenes (mixture weight 
ra^io 10u:40) having melt flow index of 30 and 0.3 respectively, 320 parts by weight of 
liquid paraffin (number- average molecular weight 324) and 0.3 part by weight of 
lX2,4 P bis(p-ethylbenzylidene) sorbitol as a crystal nucleus forming agent were melted 
and kneaded into pellets by a biaxial extruder. Using said extruder, these pellets were 
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melted at 150 . degree .- 200 . degree . C. and extruded through a T die with the slit width 
of 0.6 mm. Cooling and setting solution comprising polyethylene glycol was arranged 
'immediately under the T die. The melted product excruded into the air was led into the 
cooling and setting solution by rotating a guide roller provide in the solution 
thereby cooling and setting the product, after which it was rolled off. The rolled film 
was cut into a prescribed length and immobilized in both the longitudinal and lateral 
directions, immersed in 1 , 1 , 2 - trichloro- 1 , 2 , 2 - trif luoroethane for 10 minutes . times .4 
times (total of 40 minutes), and the liquid paraffin was extracted. This was 
subsequently heat treated for 2 minutes in the air at 135. degree. C. to obtain a 
polypropylene porous membrane with the maximum pore diameter of 0.5 .mu.m, void ratio 
of 69% and membrane thickness of 80 .mu.m. 

Detailed De scription Text (49): 

B. Surface treatment ot t he porous membrane for suppressing protein adsorption 
Detailed Descripti on Text (50) : 

Arqon plasma (100 W, 0.1 Torr, 15 sec.) was irradiated to the polypropylene porous 
membra--- thus obtained, which was then brought into contact with 2-methoxyethyl 
acrvla ue gas (1.0 Torr) for 3 minutes and then with glycidyl acrylate gas ( 0 . 7 Torr) 
for 1 minute to perform surface graft polymerization . As a result, hydrophi lie porous 
membrane having reactive functional groups on the surface was obtained. 

Detailed Descrip tion Text (52) : 

"„ i-Vw. n^vt step, this po rous membrane was immersed for 18 hours at 6 0. degree C. in an 
aqueous solution containing 1 wt . % spermidine and 0 . 5 wt . % pyridine as catalyst to 
immobilize spermidine on the membrane surface. The membrane obtained was washed 
thoroughly with methanol and used as the test sample. Spermidine bound to 
poly-(I-methoxyethyl acrylate) and glycidyl groups introduced into the surface of the 
polypropylene membrane was confirmed by IR (ATR method) NMR and ESCA . The membrane , had 
the void volume of 65%, water transmission rate of 380 ml/mm/m . sup . 2 /mmHg and the 
maximum pore diameter of 0.5 .mu.m. 

Detailed Description Text (53) : 

D. Measurement of virus removal rate 

Detailed Descri ption Text (54) : . 

This membrane was set in a Swin-Lock filter holder (manufactured by Nuclepore) < . phi . 25 
mm) and usin g the membrane, 10 ml of PBS buffer (pH 7 . 35-7 . 6) containing about 
10 sup 4 PFU/ml of herpes vi rus type I H.F. strain and 10 ml of plasma sampled from 
human f.-sh blood were fil^TaTid to determine the virus removal rate of the membrane. 
The virus removal rate was 99.9% or more in PBS buffer and 99% in human plasma. When 
sim ilar t est was performed on .phi.X174 (bacteriophage), the removal rates of 99. 9« or 
more in PBS buffer and 99% in human plasma were demonstrated. 

Detailed Description Text (56) : . 
Except for 1 wt % spermi ne used instead of spermidine, the same procedure as shown in 
steps A through C in Example 1 was performed to obtain a porous membrane. This membrane 
had the void volume of 64%, water transmission rate of 380 ml/min/m . sup . 2 /mmHg and the 
maximum pore diameter of 0.5 .mu.m. 

Detailed Descri ption Text (57) : 

This membrane was set in a Swin-Lock filter holder (.phi. 25 mm), and using the 
membr ane 10 ml of PBS buffer (pH 7.35-7.6) containing about 10 .sup .4 PFU/ml of hepes 
virus typ e I H.F strain and 10 ml of plasma sampled from human fresh blood were 
Filtrated to determine the virus removal rate of the membrane. The virus removal rate 
was 99.9% or more in PBS buffer and 99% in human plasma. When similar test was 
performed on .phi. XI 74, the removal rates of 99.9% or more in PBS buffer and 98, in 
human plasma were demonstrated. 

rs:iu^on e ;re^rid n by e di sso;ving 18 parts by weight of polyvinylidene fluoride powder 
(manuf': "red by Mitsubishi Yuka Kynar K 301) in 73.8 parts by weight of acetone and 
8 2 parts by weight of dimethyl formamide was cast over a polyethylene terephtalate 
rilm This was immersed in a 1, 1, 2-trichlorotrif luoroethane solution for 5 minutes and 
then 'dried to obtain a polyvinylidene fluoride porous membrane having the membrane 
thickness of 125 .mu.m and the maximum pore diameter of 0.45 .mu.m. 

Detailed Des cription Text (60) : , 

This polyvinylidene fluor ide porous membrane was treated m the same manner as 
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described in the step B of Example 1 for graft polymerization of 2 -methoxyethyl 
acrylate to the membrane surface, and processed as shown in the step C of Example 1 to 
obtain a membrane in which spermidine was immobilized. This membrane had the void 
volume of 71%, water transmission rate of 430 ml/min/m . sup . 2 /mmHg and the maximum pore 
diameter of 0.45 .mu.m. 

Detail ed Description Text (61) : _ . 

This me mbrane was set in a swin-Lock filter holder (.phi. 25 mm), and using the 

membrIKi 10~ml of PBS buffer (pH 7. 35-7. S) containing about 10. sup. 4 PFU/ml of herpes 

virus typ e I H.F. strain and 10 ml of plasma sampled from human fresh blood were 
filtrated to determine the virus removal rate of the membrane . The virus removal rate 
was 99 9% or more in PBS buffer and 98% in human plasma. When similar test was 
performed on .phi .XI 74, the removal rates of 99.9% or more in PBS buffer and 93* m 
human plasma were demonstrated. 

Detailed D escription Text (63) : 

Polypropylene unwoven clo th (manufactured by Tonen Co., Ltd., Tapirus) was treated by 
the steps B and C in Example 1 to obtain a membrane in which spermidine was 
immobilized. 

Detailed D escription Text (64) : 

Twenty piec es of this membrane were laminated and set m a Swin-Lock filter holder 
( phi 25 mm), and using the membrane, 10 ml of PBS buffer (pH 7.35-7 6) containing 
about 10 sup 4 PFU/ml of herpes virus type I H.F. strain and 10 ml of plasma sampled 
from human fresh blood were filtrated to determine the virus removal rate of the 
membrane. The virus removal rate was 99.9% or more in PBS buffer and 99* in human 
plasma. When si^Il^r test was performed on .phi.X174, the removal rates of 99.9* or 
PBS buffer and 99% in human plasma were demonstrated. 



more u 



Detaile d Description Text (66) : 

After irradiation of argo n plasma (100 W, 0.1 Torr, 15 sec), the polypropylene porous 
membrane obtained by the step A of Example 1 was brought into contact with glycidyl 
acrylate qas (0.7 Torr) for 5 minutes to perform surface graft polymerization. As a 
result a hydrophilic porous membrane having reactive functional groups on the surface 
was obtained. Subsequently, this porous membrane was immersed for 5 hours at 60 degree. 
C. in an aqueous solution containing 1 wt . % spermidine and 0 . 5 wt . * pyridine to 
immobilize spermidine on the membrane surface. 

Detail ed Description Text (67): > . , . -, _ , , 

Three piece s of this m embrane were laminated and set m a Swin-Lock filter holder 
( phi 25 mm), and using the membrane, 10 ml of PBS buffer (pH 7.35-7.6) containing 
about 10. sup. 4 PFU/ml of herpes virus type I H.F. strain and 10 ml of plasma sampled 
from human fresh blood were filtrated to determine the virus removal rate of the 
me mbrane . The virus removal rate was 99.9% or more in PBS buffer and 91* in tan 
plasma. When similar test was performed on .phi. XI 74. the removal rates of 99.9* or 
more in PBS buffer and 90% in human plasma were demonstrated. 

Deta iled Description Text (69): 

Surface gr aft pol ymerization of 2 -methoxyethyl acrylate and glycidyl acrylate was 
perform -Von the membrane by the method described in the steps A and B of Example 1, 
and the virus removal rate was determined by the method described m the step D of 
Example 1 without immobilizing polyamine compound. 

Detailed Des cription Text (70) : 

The removal rates of herp esvirus and .phi.xl74 in PBS buffer and human plasma were 
both 50% or lower. 

Detailed Description T ext (72) : 

After irradiation of argo n plasma (100 W, 0.1 Torr, 15 sec), the polypropylene porous 
membrane obtained from the step A in Example 1 was brought into contact with 
2 -methox yethyl acrylate gas (0.8 Torr) for 3 minutes and 4 - vinylpyridine gas (0.8 Torr) 
for 2 minutes for surface graft polymerization . By treating the membrane for production 
of quaternary ammonium in methanol containing 0.1 mol of benzylchloride at 55. degree. 
C for 3 hours, a porous membrane having pyridinium structure on the surface was 
obtained. This membrane had the void volume of 63%, water transmission rate of 120 
ml/min/m. sup. 2 /mmHg and the maximum pore diameter of 0.5 .mu.m. 

Detailed D escription Text (73) : 

When the virus removal ra te of this porous membrane was determined by the method used 
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in Example 1, the removal rate of 99% or more was demonstrated in PBS buffer against 
herpes virus and .phi.X174, but the removal rate of against both was 50* or lower in 
human plasma . 

Detailed Description Text (75) : 

A. Manufacture of polypropylene porous membrane 

Detailed Description Text (76) : . 
The same procedure as des cribed in the step A of Example 1 was performed to obtain a 
polypropylene porous membrane having the maximum pore diameter of 0.5 .mu.m, void 
volume of 58% and membrane thickness of 80 .mu.m. 

Det ailed Description Text (77) : 

B. Surface processing of porous membrane for suppressing protein adsorption 

Detailed Des cription Text (78): , 
After irrad iating argon plasma (100 W, 0.1 Torr, 15 sec), surface graft polymerization 
wac n i „ «^i,^v-^ri ^na fiUpr fhiifl obtained bv brinainq it into contact 




membrane having reactive functional groups on the surface was obtained. 
Detailed Desc ription Text (80): _ 

Rv immersing this porous membrane for 18 hours at 60. degree. C. in an aqueous solution 
containing 1 wt . % polyethyleneimine (molecular weight 1,800) and 1.0 wt « pyridine, 
polyethyleneimine was immobilized on the membrane surface. The membrane obtained was 
thoroughly washed with water and methylene chloride/met hand azeotropic solvent. 

Detailed De scription Text (81) : . 
Polyethyleneimine bound t o glycidyl groups and poly ( 2 - methoxyet hyl acrylate) introduced 
to the surface of porous membrane were confirmed by IR (ATR method) . The N/C ratio 
obtained by ESCA was 0.06. The amount of amine obtained by perchloric acid titration 
was 3. 3. times. 10. sup. -4 eq/g. This membrane had the void volume of 55%, water 
transmission rate of 390 ml /min/m . sup . 2 /mmHg and the maximum pore diameter of 0.52 



. mu . m . 



Detail--"-i D escription Text (82): 

0~. Measurement of virus removal rate 

Detailed De scription Text (83) : 

This membrane was set in a Swin-Lock filter holder (.phi. 25 mm), and using the 
membrane, 10 ml of PBS buffer (pH 7.35-7.6) containing about 10. sup. 4 PFU/ml of herpes 
virus type I H.F. strain and 10 ml of plasma sampled from human fresh blood were 
filtrated to determine the virus removal rate of the membrane . The virus removal rate 
was 99 9% or more in PBS buffer and 99.9% in human plasma. When similar test was ^ 
performed on .phi.X174, the removal rates of 99.9% or more in PBS buffer and 99.3* in 
human plasma were demonstrated. 

Detailed Description Text (85): 

Usinq polyvinylidene fluoride filter (manufactured by Millipore). as the porous 
membrane, and except for using qlycidvl methacrylate instead of glycidyl acrylate and 
polyethyl eneimine having the molecular weight of 70,000 instead of polyethyleneimine 
with the molecular weight of 1,800, the same procedure as described in steps B and C in 
Example 6 was performed. As a result, a polyvinylidene fluoride filter in which 
polyethyleneimine (molecular weight 70,000) was immobilized on the surface of filter 
was prepared The N/C ratio of this membrane determined by ESCA was 0.08 and the amount 
of amine obtained by perchloric acid titration was 4 . 8 . times . 10 . sup . -4 eq/g . This 
membrane had the void volume of 61%, water transmission rate of 330 ml /mm/m . sup . 2 
/mmHg the maximum pore diameter of 0.50 .mu.m. 

Detaile d Description Text (86) : _ 

This membrane was set i~a Swin-Lock filter holder (.phi. 25 mm), and using the 
me mbrane, 10 ml of PBS buffer (pH 7.35-7.6) containing about 10. sup. 4 PFU/ml of herpes 
virus type I H.F. strain and 10 ml of plasma sampled from human fresh blood were 
filtrated to determine the virus removal rate of the membrane. The virus removal rate 
was 99 9% or more in PBS buffer and 99.9% in human plasma. When similar test was ^ 
performed on .phi.X174, the removal rates of 99.9% or more in PBS buffer and 99.-8* in 
human plasma were demonstrated. 
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De tailed Description Text (88) : 

After irradiating argon plasma (100 W, 0.2 Tort, 20 sec), surface graft polymerization 
was pei-'-rmed on the polypropylene porous membrane obtained from the step A m Example 
6 by bringing it into contact with glycidyl acrylate gas (0.7 Torr) for 3 minutes. As a 
result a hydrophilic porous membrane having reactive functional groups on the surface 
was obtained. 

Detailed Description Text (89) : 

This porous membrane was immersed in an aqueous solution containing 1 wt . % 
polyethyleneimine (molecular weight 70,000) and 0.5 wt . % pyridine at 60. degree. C. for 
18 hours to immobilize polyethyleneimine on the membrane surface. The membrane obtained 
was thoroughly washed with water and methylene chrol ide/met hanol azeotropic solvent and 
used as the test sample. This membrane had the void volume of 57%, water transmission 
rate of 352 ml /min/m . sup . 2 /mmHg and the maximum pore diameter of 0.49 . mu . m . The N/C 
ratio obtained by ESCA was 0.07 and the amount of amine obtained by perchloric acid 
titration was 4 . 4 . t imes . 10 . sup . -4 eq/g. 

Detailed Description Text (90) : 

This membrane was set in a Swin-Lock filter holder (.phi. 25 mm), and using the 
membrane, 10 ml of PBS buffer (pH 7.35-7.6) containing about 10. sup. 4 PFU/ml of herpes 
virus type I H.F. strain and 10 ml of plasma sampled from human fresh blood were 
- filtrated to determine the virus removal rate of the membrane . The virus removal rate 
was 99.9% or more in PBS buffer and 98.3% in human plasma, when similar test was 
performed on .phi.xl74 and HIV, the removal rates of 99.9% or more in PBS buffer and 
99.3% ::. human plasma against both were demonstrated. 

Detailed Description Text (92) : 

Except that polyallylamine (molecular weight 10,000) as a polyamine compound was used 
instead of polyethyleneimine, the same procedure as described in the steps A through C 
of Example 6 was performed to obtain a polypropylene porous membrane in which 
polyarylamine was immobilized on the surface. This membrane had the void volume of 56%, 
water transmission rate of 348 ml/min/m . sup . 2 /mmHg and the maximum pore diameter of 
0.49 .mu.m. The N/C ratio of this membrane obtained by ESCA was 0.05 and the amount of 
amine obtained by perchloric acid titration was 5 . 1 . t imes . 1 0 . sup . - 4 eq/g. 

Detailed Description Text (93) : 

This membrane was set in a Swin-Lock filter holder (.phi. 25 mm), and using the 
membrane, 10 ml of PBS buffer (pH 7.35-7.6) containing about 10. sup. 4 PFU/ml of herpes 
virus type I H.F. strain and 10 ml of the plasma sampled from human fresh blood were 
filtrated to determine the virus removal rate of the membrane . The virus removal rate 
was 99.9% or more in PBS buffer and 99.6% in human plasma. When similar test was 
performed on .phi.X174 and HIV, the removal rates of 99.9% or more in PBS buffer and 
99.8% in human plasma against both were demonstrated. 

Detailed Description Text (95) : , ' , 

Except that the polypropylene unwoven cloth (manufactured by Tonen Co., Ltd., Tapirns) 
was us-J as a membrane and polyethyleneimine (molecular weight 1,200) as a polyamine 
compound was used, the same procedure as described in the steps B and C of Example 6 
was performed and the membrane in which polyethyleneimine (molecular weight 1,200) was 
immobolized was obtained. 

Detailed Description Text (96): 

Thirty pieces of this membrane were laminated and set in a Swin-Lock filter holder 
(.phi. 25 mm), and using the membrane, 10 ml of PBS buffer (pH 7.35-7.6) containing 
about 10 sup. 4 PFU/ml of herpes virus type I H.F. strain and 10 ml of the plasma 
sampled from human fresh blood were filtrated to determine the virus removal rate of 
the membrane . The virus removal rate was 99.9% or more in PBS buffer and 98.3% in human 
plasma. When similar test was performed on .phi.X174, the removal rates of 99.9% or 
more in PBS buffer and 99.7% in human plasma were demonstrated. 

Detailed Description Text (98) : 

Except for using polyethyleneimine having molecular weight of 70,000 as a polyamine 
compound, the same procedure as described in the steps B and C of Example 6 was 
performed on a polyurethane porous filter (manufactured by Toyo Polymer Co., Ltd., 
Rubicell) and the membrane in which polyethyleneimine (molecular weight 70,000) was 
immobilized was obtained. This membrane had the void volume of 82%, water transmission 
rate of 1 . 1 . times . 10 . sup . 4 ml /min/m . sup . 2 /mmHg and the maximum pore diameter of 18 
.mu.m. The amount of amine obtained by perchloric acid titration was 
1.6. t iv.--* . .10 . sup . -4 eq/g . 
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^^^^ 

^•iSX'./Sa/S^rS^i f y ,:\°ll B ^^n^ 30 .1 of plasma sampled 

IfS^When .T=inr test was performed on .phi.X174, the removal rates of 99.9, or 
more in PBS buffer and 99.4% in human plasma were demonstrated. 

ge ^^oc:dCre°L T df S cribed : in the steps A*and B in Example 6 was performed to 
„h* ?p oolvoropylene porous membrane having 2-methoxyethyl acrylate and glycidyl 

V\ ' t SeriLd on the surf ace of the membrane . This membrane had the void 

vo^mf of 9 59%rwSr transmission rate of 434 ml/mTnT^p.2 /m»Hg and the maximum pore 

diameter of 0.5 .mu.m. 

KrU^StS'StrS S1V membrane was measured by performing the same Procedure 
Is diic^Ibed in the step D in E^TTl but without immobilizing a po yamne impound 
on the membrane surface. The removal rates of herpes virus and .phi.X174 in PBS buffer 
and plasma were both 50% or lower. 

^U^lharpo ^^h^^i mlnrnaving an average molecular weight of 1,200 was used as a 

rates of .phi.X174 were 99.9% and 50% or less. 

r s^own rthe^ve^th is'meibrane is highly capable of removing the virus in the 
watlfbCt does not demonstrate satisfactory function of removing virus from plasma. 

Detailed Description Text (108) : polypropylene porous 

acrylate (0.8 Torr) for 3 minutes and then with 4 - vmylpyndme (0.8 Torr) for 2 
minutes for surface graft pol ymerization. 



.mu.m. 



Jhi Kit was demonstrated in PBS buffer, but the rate went down to 50% or lower m 
human plasma. 



Detailed Description Text (112) : 
A. Preparation of porous membrane 

Detailed Description Text (113) : 
i) Porous membrane test sample 1 

Detailed Description Text (114) : 
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Detailed Description Text (115) : 

ii) Porous membrane test sample 2 

D etailed Description Text (117) : 

iii) P^r araHnri nf P° rous membrane test sample - 

Detailed Description Text (119) : 

iv) Porous membrane test samples 4-8 

dia.atar o£ IS mu.mm and void volume °£ "^"^.pta i C.tionon UK immobilized on the 

ss'^.viu'Js.s'is'i^.iiS- ?:^ 1 .,» P i. = ««. as Mta .. »«».• 

v) Porous membrane test sample 9 

having the maximum pore diameter of 18 .mu.mm ana seconds, and 

Tovo Polymer, Rubicell) with low temperature plasma (ArO, 2 Torr) £or " s «™' *" 5 

f having poly K-b.nzylvinylpyridinium chloride on ch. .urfac. w»» obtained. 

solution) }. times . 100 (B) 



CLAIMS : 



1 A material which removes viruses from a protein containing solution comprising a 

selected from the group consisting of: 

(a) a polyamine compound which has primary and secondary amines in its molecule and a 
hydrophobic part between these amines, 

<„, , polyoma compound ,~pr..«J- by th. following ^™^» r ^» , E ^f ^ b Lu"„;. 
S£&4 *t£?& ^J-UnJiX ofhydiog.n/.Sh.tic & a?om. t ic hydrocarbons, 

and halogen, and n is 5 or more, and 

more . 

2. The material according to claim 1, which is in the form of porous membrane . 

■> A bWd filter comprising a housing which has an inlet and outlet, and the material 
according to claL l/which^s arranged inside said housing and is in the form of 

porous membrane . 
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'4. The blood filter according to claim 3, wherein the maximum pore diameter of said 
porous membrane ranges from 5-50 . mu . m . 

5 . A mate 

and e a m polyamine compound immobilized on a surtace or tne case mauexiix uu^,, ^ 
surface graft radical, wherein said polyamine compound is at least one type of compound 
selected from the group consisting of: 

(a) a yamine compound which has primary and secondary amines in its molecule and a 
hydrophobic part between these amines, 

(b) a polyamine compound represented by the following formula (I); ##STR11## wherein 
R sup 1, R.sup.2, R.sup.3, R . sup . 4 and R . sup . 5 independently represent substituents 
selected from the group consisting of hydrogen, aliphatic and aromatic hydrocarbons, 
and halogen, and n is 5 or more, and 

(c) a polyamine compound represented by the following formula (II) : ##STR12## wherein R 
represents NH . sub . 2 or an aminoalkyl group having 1 to 4 carbon atoms and n is 5 or 
more, and wherein said surface graft radical is a graft chain composed of £ monomer 
havinq at least one radical selected from the group consisting of an acid halogen, an 
isocyanate and an epoxy radical in its molecule as a reactive functional group. 
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